Jazan Region subjects mainly to environmental degradation due to anthropogenic activities. In the present study, remote sensing integrated with some mathematical treatments as overlay analysis for adequately evaluating land degradation of Jazan area. The present study focuses on vegetation, geological, urban, and coastal changes. Three satellite images were acquired for typically assessing these changes in 2008, 2014, and 2018. To detect the environmental degradation, normalized difference vegetation index (NDVI) and statistical model were used for vegetation, principal component analysis (PCA) and band ratios (b5/b7 and b3/ bl) for geological changes, and normalized difference built index (NDBI) for urban degradation. Also, coastal changes had been detected using some analysis of ARCGIS. Results showed that NDVI in 2008, 2014, and 2018 were 5.7, 11, and 7.2%, respectively. From the linear model and statistical analysis of vegetation in the future, there is unaccountable disappearance of the vegetation by the end of 2020 with the disappearance of the evergreen areas of trees and desert plants around region. For geological changes, PCA of the three images give more than 80% of geological features of the study area. Band ratios, b5/b7 and b3/bl, emphasize alteration, clay, and Fe minerals that have specific spectral reflectance and absorption features in these bands. For coastal changes, the reasonable rate of beach growth was precisely 85.3% between 2008 and 2014, while this ratio positively declined to 14.7% between 2014 and 2018 of the economic expansion during the monitoring period from 2008 to 2018. Urban area of Jazan City was 262. 34, 354.43, and 409.17 km 2 for 2008, 2014, and 2018, respectively. Results showed that urban area has been increased from 2008 to 2018 with a percentage of 55.9%. The marked degradation may be reasonably anticipated to anthropogenic activities and unplanned management. Technology date should be applied universally to avoid environmental degradation of Jazan Region. Remote sensing and statistical model might offer an effective and good assessment of land degradation.
Introduction
Environmental degradation caused by anthropogenic activities and climatic changes has long been a severe problem in the world, especially in the arid and semiarid areas [1] . From previous years, fundamental degradation in land use and land cover has been detected in the study area, and these fundamental changes can continue gently, driven by demographic and climatic changes. Riebsame et al. [2] investigated that changes in land cover by land use do not necessarily imply degradation of the land. However, many shifting land use patterns driven by a variety of social causes result in land cover changes that affect biodiversity, water and radiation budgets, trace gas emissions, and other processes that come together to affect climate and biosphere. The assessment of environmental sensitivity depends on assessment of land degradation related to climate, soil, vegetation, and land management at lower levels [3] . The pedosphere as a part of the Earth surface is responsible for some ecological variations as part of the Earth's spheres [4] . Environmental degradation could be attributed due to rapid development and land reclamation. Measuring normalized difference vegetation index (NDVI) has typically become a vital topic for plant growth and agriculture of farmland in the field of remote sensing. Some abandoned farmlands are reclaimed as environment for native species, while intensive recultivation is also happening as faming aids are properly provided to crop lands. Estel et al. [5] stated that these values of normalized difference vegetation index (NDVI) universally using satellite data support stockholders to decide where to focus agricultural efforts while also balancing mainly that sites might be best abandoned or used for conservation purposes. Ecological degradation of the environment may be typically characterized by the decreasing in rate of vegetation cover [6] . Enrico et al. [7] concluded that losing of extensive forests, pastures, and essential resources may typically cause generous minimization in the biodiversity in the Jazan area and typically contributed to large desertification and drought. Moreover, the rapid rate of population growth and the significant growth in the average annual individual income level is associated with the country's economic growth. Climatic change and loss of biodiversity typically become extremely critical factors that increase the stress on the environmental resources which naturally increase the significant demands from many economic sectors in the environment as urban, industrial, energy, transportation, and agricultural sectors. The causes and consequences of land degradation concern several interdependent human activities, directly implicate more than one land resources (soil, water and vegetation), and involve diverse economic sectors, social groups, and institutions, spanning the local to global spectrum [8] . Coastal degradation presents a fundamental environmental problem that affects adversely on the biodiversity of the region. It may be organically related to some developmental projects along the coastline.
The coastal zone of Jazan is typically composed of some dominant geological features in Saudi Arabia. The coastal zone is subjected to some developmental works during this period of the study. Ecological degradation of land cover and vegetation is one of the most significant environmental problems to the future of and the existing way of life [9] . Jazan overlooks a significant problem; the marked decrease of vegetation and cultivated lands, which leads to desertification in the study area around Jazan City. If this sustainable development continues at the present degree, it may effectively increase the sternness of the gradual decline and typically cause a severe deterioration in productivity, sand encroachment, and soil erosion. The potential problem of environmental degradation has attracted many academic researchers in the world, and it is one of the principal threats to the coming of modern civilization because of its straight impact on human food resources and, thus, human health. In the present study, we typically focused on vegetation and geological changes as major purposes. Detecting and monitoring shorelines are consequently of significant economic and social importance, especially if we know that climate change has devastating effects on coastal areas. To assess environmental degradation in Jazan Region, an integrated approach of remote sensing and a statistical model was applied. The modern technology of remote sensing and spaceborne is real time and rapidly investigates various specific applications and proper management. Remote sensing technology has been chiefly utilized in natural and geosciences since the previous period. It has been applied for monitoring vegetation cover. Remote sensing methods have been applied and developed in many geological applications as mineral exploration, geological mapping, and geotechnical and hydrogeological monitoring. Studying environmental and geological degradation is completely vital for sustainable development. In recent years, Jazan City has been typically facing naturally increasing some environmental problems due to climate change and other essential processes. To achieve precisely these specific purposes, some goals were applied universally. This is the first time to efficiently implement mathematical manipulation of remote sensing to adequately monitor the fundamental change of vegetation area reclaimed and cultured for 10 years. Some geological changes may equally apply to carefully adjust the complex problem of land degradation.
Materials and Methods

Study Area
Jazan City is ideally situated in the southwestern part of Saudi Arabia near the Saudi/Yemeni boundary between longitudes 42°31′ 20″ and 43 20′ 16″ East and latitudes 16°49′ 40″ and 17°25′ 13″ North. The total area of Jazan is 13.500 km 2 , and the region properly includes 13 counties, 29 historic districts, and nearly 4000 villages ( Fig. 1 ). The port of Jazan typically remains the third principal port of the kingdom in practical terms of functional capacity, is precisely the primary gateway to the social imports of the southwestern part of the kingdom, and faithfully represents a stop for pilgrims typically coming from Yemen because of its specific location on the road linking Yemen and Makkah. The climate of the city of Jazan is positively affected by its location on the Red Sea. Relative humidity in January is 74% and in August 66%, and the average throughout the year is 68%. The average high temperature is 38.5°during the mild summer and 30°during the winter, whereas the average lowest temperature is 29°during the mild summer and 21°during the winter. High humidity was accurately detected in the beach of specific Jazan area. The western to south winds are the prevailing winds in the study area. The average velocity of the prevailing wind typically comprises approximately 12 km/h.
Geology of the Study Area
The land feature of the study area principally consists of mountains with few prickly shrubs, and the magnificent mountains to the northwest and south east are covered with some vegetation and cultivated land at high altitudes which is privately owned terraced land for agriculture crops (Fig. 2 ). The exposed slope of the area ranges from 0°to as much as 74°. The proper elevation of the study area varies radically between 617 and 2601 m. The study area typically consists of some wadis, horizontal areas, and mountains areas. The study area is adequately characterized by seven lithological units as foliated granite, Hanifa sandstone and pulverized limestone, Khums sandstone, Meta-conglomerate, argillite, quartzite, limestone, and schist, monzogranite, sandstone, conglomerate, mudstone, tuff, and syenite.
Remote Sensing Applications
Three Landsat digital satellite images (path [167]/row [48]) captured in 2008, 2014, and 2018 were typically acquired for the practical purpose of this academic study (Table. 1 ). Geometric and radiometric corrections were typically required and then calibrated for radiance value. Carefully matching the histogram is very essential step in remote sensing analysis [10] . The study was typically selected using ERDAS IMAGINE 2014 ( Fig. 2 ). For more critical information about the image, Image enhancement was applied universally to facilitate the image investigation. 
Vegetation Changes
For typically measuring the direct impacts of regional and international scale of agricultural production and drought problems, NDVI has become critically important as an effective tool in remote sensing sources. It is equally used to carefully differentiate between various abundant crops under any stress conditions. To carefully extract more empirical data and fundamental changes about vegetation cover from the satellite data, NDVI was correctly applied. The NDVI is traditionally transformation method of remote sensing properly used to gently separate vegetative area from other. The moral value of this transformation varies appreciably from − 1 to one, typically depending on the considerable amount of vegetation. The NDVI is carefully calculated faithfully as mentioned by Lillesand et al. [10] as illustrated in Eq. (1).
Spatial Overlay Analysis of Vegetation
Raster overlay method uses intersection and union tools to estimate the amount of common and total area of vegetation in the study area. From ArcMap, Arc toolbox, spatial analyst tools, overlay, and intersection or union are already chosen for vegetation cover. Different results may be obtained using the same data. Intersection means the combined features of two layers and preserves the features in the common area and the attributes of both layers. Union combines features of two layers but preserves the entire area and all attributes of both layers.
Statistical Model
Linear model was applied to predict the change in vegetation and green area in the future to achieve sustainable development. They can help you understand and predict the behavior of complex systems or analyze experimental, financial, and biological data. From the previous presentation, we can reasonably conclude a mathematical relationship that sufficiently indicates the economic impact of climatic factors on the sustainable development of green and vegetation areas in Jazan, which sufficiently indicates direct observation that "Y" is the considerable percentage of green area (vegetation) and (t) is the time as calculated in Eq. (2).
Geological Changes
Many geological techniques were typically employed for improving the geological features of Landsat images. It is equally used to manage and carefully extract accurate data about fundamental changes in the geological environment. In this study, remarkable transformations were typically adopted to improve sufficiently the visual geological interpretation and automated spectral signatures extraction. Functional classification was applied universally for the three visible images in which the three visible images were correctly classified into 50 social classes. These distinct classes were properly established into various classes accurately describing the geological features of the study area. The classified images were recoded to progressively eliminate the land use and land cover change (LULC) in 2008, 2014, and 2018. These classes gently encourage us to progressively eliminate the unique features of vegetation cover and geological aspects.
a-Band ratio
Band ratio is gently applied for typically enhancing and improving tremendously the observed brightness among chief objects in the visible image by properly using correctly spectral reflectance. It is absolutely essential in various geological aspects. The ratio of bands was developed naturally for reliably distinguishing some objects that precisely has the different wavelength [11] . A false color composite can then be made in which each band ratio is correctly assigned one of the three primary colors with the more brilliant parts (high DN values) of the band efficiently producing more color to the image. Band (b3/b1) ratio can accurately detect the most limited amount of Ferric iron-bearing surfaces of classic rocks. Band (b5/b7) ratio can accurately detect the clay mineralization [12] .
b-Principal component analysis
Principal component analysis (PCA) is typically a multivariate technique that has properly maintained considerable uses in Geology. PCA is merely a multivariate technique that has maintained considerable uses in Geology. Using ERDAS IMAGINE 2014, three critical components of PCA were applied indiscriminately. This is an effective technique to severely reduce critical contributions of odd noise and minor error [13] .
Coastal Changes
According to image analysis and Google Earth, digital processing has been typically made for mapping the ecological degradation of coastal changes in 2008, 2014, and 2018. Using ArcMap, examination methodology was utilized for estimation landfilling, disintegration percentage, erosion, and extension of the coastal zone from 2008 to 2018. From Arc toolbox, spatial analyst tools and clip mask tools were used. The rate of changes may be marked by red color. Extraction and separation of changed erosion and landfills were then geometry calculated. Comparable to recent methodologies that have been applied and examined in comparable examinations earlier, the final data were converted to the percentage and area (km 2 ) using excel statistic as stated by Petropoulos et al. [14] .
Modeling of Urban Changes
For better understanding of urban structures and behavior, the urban cover obtained from the classification for the 3 years was divided into main parts, namely Northeast (NEP), Southeast (SEP), Southwest (SWP), West (WP), and Northwest (NWP), in order to calculate the percentage of change for each part and to discover which part had the highest percentage of change. Area of urban area was applied using normalized difference built up index (NDBI) as calculated in Eq. (3) . The appropriate methodology comprised three arithmetic computations as mentioned by Zha et al. [15] .
Those parts were divided according to the direction of urban change. Urban change detection involves the identification of missing regions in one image corresponding to appearance or disappearance of objects, motion of objects, or shape changes of objects in an urban environment and surroundings. This change has traditionally been detected by defining a threshold.
Results and Discussion
Vegetation Changes
These landslides chiefly consist of debris flows, rock fall, vegetation cover, and rockslides that typically took place during heavily intensity rainfall for long hours (Fig. 2) . These landslides supported us in accurate characterization the vegetation cover and geology of the area. In landslide susceptibility evaluation, the historic information on landslide rates typically denotes the backbone of the study, as this describes vision into the occurrence of the phenomena. Van Westen et al. [16] stated that landslide inventory maps can be prepared because the accurate data scientifically derived from historical archives, data survey, successful meetings with people, and image interpretation are vital. Image enhancement techniques universally adopted in this study compromised various spectral techniques. Spectral transformation can be applied by simple contrast stretching method to increase certain spectral characteristic features in the digital images. Contrast stretching is one of the most simple and vital methods. It deals justly with reclassifying of image classes to the entire digital number (DN) range so that features of interest are more beneficial in the image. The produced false composite image (bands 4, 3, and 2) has much better contrast and spectral resolution for geological information. For typically assessing vegetation cover, NDVI maps were typically obtained from OLI satellite images (Fig. 3) . NDVI value covers Fig. 3 NDVI of the study area during 3 years and the common and union NDVI of the study area during three monitoring periods the local area of vegetation in any satellite image. Forests display NDVI transformation of vegetated areas slower than barren [17] . In this study, considerable NDVI percentages from the total area of Jazan in 2008, 2014, and 2018 were in the sequence 5.7, 11, and 7.2%. NDVI of 2014 typically resemble the most significant vegetative cover; on the other hand, 2008 is the lowest percentage as this proper sequence 2014 > 2018 > 2008. It typically shows that the area of the NDVI increased by 5.8% from 2008 to 2014 and decreased by 3.8%. The increasing rate positively related to some essential factors as increasing the rate of rainfall, modestly increasing the labor force in modern agriculture and trending to land reclamation as the personal interest of government in agriculture. These factors may also be related to main indictor that the kingdom's national income petroleum recorded the most rapid rates in this modern period. On the other hand, the decreasing rate may be positively related to desertification of these areas as a result of the urban sprawl on the ecological areas or migration of people from villages to cities. This result of vegetation cover is in agreement with AL-Sheikh and Yahiya [18] . For carefully assessing the general vegetative area during 3 years, some mathematical manipulation of NDVI was typically applied (Fig. 3) . Environmental degradation that typically resulted from vegetation decrease or decline may affect negatively on national income of the city especially on tourism fields. The common area among 2008 and 2014 is approximately 3.9% and is in the map A∩B. This merely means that 1.8% of area was lost during this modern period. However, the green area in C is not all green in the previous monitoring B and the intersection area between the two areas is shown in the map B∩C, which matches 2.6% of the total area of Jazan. That is, 6.9% of the green area was lost and the reclamation of new land equivalent to 3.1%. The green area that was carefully observed in C re-cultured and in A is equivalent to 0.4% as shown on the map A∩C. The specific areas that remained green during the three monitoring periods and were unaffected by climate change factors can be carefully extracted in the following map A∩B∩C. It also represents desert vegetation areas of evergreen vegetation close to groundwater in valleys and green garden areas in Jazan. From these mathematical manipulations, we reasonably concluded that the green areas that cautiously emerged during the three monitoring phases (2008, 2014, and 2018) represent respectively 15.5% of the total area of Jazan and appear prompt in the following map A∪B∪C (Fig. 3) . The vegetation degradation from 1987 to 2002 is a fundamental change that will inevitably contribute to the economic development of desertification and frequent drought. It is essential to correctly classify the areas that keenly suffer the greatest from the gradual decline of vegetation and the distinct lack of forests and to accurately calculate the zones of vegetation degradation in these areas. All percentages of common and union NDVI were illustrated in the VIN diagram (Fig. 4 ).
From linear model, the unaccountable disappearance of the green zone by the end of 2020 may not be left to the evergreen areas of trees and desert plants around region A∩B∩C (Fig. 5 ). The collapse of these areas may be due to demographic or political reasons as a result of the occurrence of the Saudi war with Yemen by the unusual beginning of 2015 and the negative consequence of the excessive restrictions on foreign labor, which led inexorably to illegal migration of population and workers from the region or raise support for raw energy; which increases the negative cost of agricultural production.
Geological Changes
For accurately detecting and carefully monitoring the alteration layers in geological applications, the band ratio method is used in a large scale. In general, band ratios b5/b7 and b3/bl gently explain more layer's alterations, spectral reflectance, and absorption features that reflect the frequent occurrence of clay and iron minerals. For typically making an iron map showing iron minerals as limonite, goethite, and hematite, Band ratio b3/b1 shows the considerable variations in the values of digital numbers (DN) for iron and other unaltered rocks, respectively. These alterations lead to a better discrimination between hydrothermally reflected and unaltered rocks in the study area (Fig. 6 ). The results obtained from band transformation process shown in Fig. 6 typically show the band ratio b3/b1 reflecting high iron oxide minerals signature on alteration areas and on sedimentary rock and alluvial deposits. This is properly attributed to the sedimentary sandstones and the richness of these minerals in the alluvial deposits. On the other hand, hydroxyl-bearing mineral images with band ratio (b5/b7) ( Fig. 6 ) typically exhibit high signature in similar alteration zones. Similarly, high signals are displayed over the silts and alluvial deposits, which justly attributed to their significant contents of clay minerals. Both band ratio images are not enough in typically showing the geological changes and alteration zone of the soil. The alteration zones and others are related to weathering products of the ferruginous sandstones and basic-ultrabasic rocks. The spectra of iron minerals show high red reflectance value around the band three wavelength regions and low reflectance values around blue band. Transformations of three images were typically involved using PCA techniques before autoclassification [19] . PCA of the three images gives more than 80% of geological features of the study area. Statistical results of eigenvectors loading of the principal component transformation for the six selected bands show that the PCA1 has good contrast in the values between band 2 and band 4 to different sites that have high reflectance of minerals of alteration zones as shown in Tables 2, 3 , and 4. Performing PCA before typically classifying an image makes various spectral variations within the image. The first PCA1 describes most of the differences in the brightness values for the pixels of the original bands. The first five components are used to precise the initial geological map [20] . Subsequent components explain less and less of the data, with the final PCA usually corresponding to the noise in the data rather than any ground features. As mentioned earlier, the benefits of carrying out PCA on the images are to get the sense of spectral diversity of the economic region which will be used as a guide in carefully selecting the different supervised training sites.
Environmental changes as LULC are essential for correctly determining the fundamental differences in landslides and creating sustainable development. The change area may be colored by brown, but the other yellow color is the unchanged area for 10 years. In the present study, the marked change may be typically classified into five sectors; the essential Northern part may be changed by high sandy storms and due to movement sands. The western part is the mountain area and may change due to many rocky falls, faults, and some folds during the different season of the year. Local beaches in Al Fursan Island may be change due to gradual accretion and erosion of beaches in addition to tourism activities as shown in Fig. 7 . Jazan is characterized by urban growth, gradual change of buildings, and reconstruction. The Red Sea coast area has frequent coastal erosion due to wave movement. Great urbanization and industrial growth are precisely the chief natural resources of environmental deterioration in addition to weathering and natural phenomena as earthquakes and floods.
Coastal Changes
There has been typically no obvious erosion in the coastal zones of the study area. This may be justly attributed to the nature of the Red Sea because of coral reefs and the economic growth of weeds (Sea Grasses) that adequately protect its shores and low tide level and its specific direction. This uplifting is manifested by the occurrence of frequent coral limestone terraces above the current sea level, particularly along the northern part of the Red Sea coast according to Gomez et al. [21] . The beaches of Jazan have been conveniently divided into four local areas for easy study, namely the northern region, the central region, the southern region, and the root of the knights. The four images in Fig. 8 show the expansion of the beaches of the four regions during the study period from 2008 to 2018. The remarkable growth of the beaches is observed near the main cities and away from the bare and desert areas, and this confirms that the expansion is due to naturally increasing urban activities. The rate of beach expansion was 85.2% between 2008 and 2014, while this ratio gently declined to 14.8% between 2014 and 2018 of the gradual expansion during the monitoring period from 2008 to 2018 (Fig. 8 ). The change in the coastal zone from 2008 to 2018 is shown in Table 5 . According to the expansion of the coast, four classes were classified according to degree of expansion from high to low (Fig. 9 ). The results here agreed with Al-Zubieri et al. [22] who digitized the coastal area of the zone, the zone of the beach, and coast which increased from 23.31 km 2 in 1987 to 25.32 km 2 in 2000 with the relative of growth 4.5%, to reach 63.37 km 2 in 2013 with relative development 85.32%, and to reach 67.90 km 2 in 2017 with relative 10.16%; the marked decrease may be typically attributed to the negative effect of the starting of the war between Saudi Arabia and Yemen in the possible beginning of 2015. This may typically lead to some fundamental changes as gradual reduction in urban growth around the study area of Jazan. The following images in red show the considerable amount and stretch areas of the beach in the Jazan area ( Fig. 9 ). Al-Zubieri et al. [22] stated that major changes along the coastal area of local Jazan area are mainly influenced by these socioeconomic activities. Consequently, with many of mangroves, suitable habitats are methodically destroyed and positively affected the biotics in the area. The Red Sea coast of Saudi Arabia is witnessing accelerated urban development, where many desalination plants, power stations, and wastewater treatment facilities are being constructed each year [23] . The shoreline at Jazan Region is composed of sediments brought to the coast by the valleys originating in Asir Highlands, e.g., Wadi Baysh and Wadi Sabya [24] . Environmental conditions in Jazan area coast are most favorable for mangrove flourishing than in the northern section [25] .
Urbanization Detection
The results of the survey show that the total area of the urban areas in Jazan province is not large. NDBI was used to estimate the urban area around Jazan city. Urban area of 2018 occupies the high area, 40% (409.17 km 2 ) followed by 2014 (34%, 354.43 km 2 ) since the 2008 occupy the least urban area 26% (262.34 km 2 ) as shown in Fig. 10 . From 2008 to 2014, the newly built urban area in Jazan City was 92.09 km 2 ; if there is an increase of 35.1%, the annual growth area is 15.34 km 2 , which is an annual growth rate of 5.85% as presented in Table 6 . The urban growth has a negative impact on the health of urban residents by proportionately increasing average temperatures. The intensity of the urban heat effect is influenced by urban geometry and the amount of vegetation cover. Remote sensing is a powerful technology of monitoring and detection of land use and land cover change (LULC) at high resolution and lower costs than traditional methods. There is an increase in the amount of urban area related to new projects. For detecting the urban sprawl accurately, the area was classified into five zones as shown in Fig. 11 . For instance, Alatorre and Begueria [26] stated that these areas are affected for several reasons, including erosion, overgrazing, random firewood collection, and population growth. The newly added areas in the urban area are mainly concentrated in the Qaim area on the eastern side of Abu Alish, the city of Iskan on the southern side of Abu Alish, and the northern part of Samitai. This problem of urban sprawl needs to be seriously studied, through multi-dimensional fields including socio- economic, in order to preserve the precious and limited agricultural land and increase food production as shown in Table 7 .
Conclusion
This work focus on applying the modern technology of remote sensing and successful GIS applications for adequately studying the environmental changes in Jazan area. The area of vegetation may be declined due to human impacts and some environmental problems. A possible interpretation of Jazan environment typically shows more considerable variations in vegetation and geological features for 10 years from 2008 to 2018. Fundamental changes in vegetation and geological features may be reliably attributed to human activities and some natural processes. Statistical analysis of vegetation showed that by the end of 2020, the disappearance of the evergreen areas of trees and desert plants around region may be predicted in the future due to human activities and climatic global change. According to coastal changes, there is growth of the coast near to the main cities and away from the bare lands and this simply confirms that the expansion is the result of increasing urban. Study shows that there was a considerable increase in urban area from 2008 to 2018. The main causes of urbanization problem are the rapid population growth and economic growth. This problem needs to be seriously studied, through multi-dimensional fields including socio-economic, in order to preserve the precious and limited agricultural land and increase food production.
